Homodimeric quaternary structure is required for the in vivo function and thermal stability of Saccharomyces cerevisiae and Schizosaccharomyces pombe RNA triphosphatases.
Saccharomyces cerevisiae Cet1 and Schizosaccharomyces pombe Pct1 are the essential RNA triphosphatase components of the mRNA capping apparatus of budding and fission yeast, respectively. Cet1 and Pct1 share a baroque active site architecture and a homodimeric quaternary structure. The active site is located within a topologically closed hydrophilic beta-barrel (the triphosphate tunnel) that rests on a globular core domain (the pedestal) composed of elements from both protomers of the homodimer. Earlier studies of the effects of alanine cluster mutations at the crystallographic dimer interface of Cet1 suggested that homodimerization is important for triphosphatase function in vivo, albeit not for catalysis. Here, we studied the effects of 14 single-alanine mutations on Cet1 activity and thereby pinpointed Asp280 as a critical side chain required for dimer formation. We find that disruption of the dimer interface is lethal in vivo and renders Cet1 activity thermolabile at physiological temperatures in vitro. In addition, we identify individual residues within the pedestal domain (Ile470, Leu519, Ile520, Phe523, Leu524, and Ile530) that stabilize Cet1 in vivo and in vitro. In the case of Pct1, we show that dimerization depends on the peptide segment 41VPKIEMNFLN50 located immediately prior to the start of the Pct1 catalytic domain. Deletion of this peptide converts Pct1 into a catalytically active monomer that is defective in vivo in S. pombe and hypersensitive to thermal inactivation in vitro. Our findings suggest an explanation for the conservation of quaternary structure in fungal RNA triphosphatases, whereby the delicate tunnel architecture of the active site is stabilized by the homodimeric pedestal domain.